Acylated oleanane-type triterpenes named chakasapogenins I (1), II (2), and III (3) were isolated from the hydrolysis product of the extract obtained from the flower buds of Camellia sinensis. The chemical structures of new triterpenes were elucidated on the basis of chemical and physicochemical evidence. chakasapogenin III (3) inhibited nitric oxide (NO) production in lipopolysaccharide-(LPS) activated RAW264.7 macrophages. In addition, R 1 -barrigenol (7) showed antiviral effect at 10M against herpes simplex virus type-1 (HSV-1).
Oleanane-type triterpenes such as oleanolic acid are one of pentacyclic triterpenes and have been isolated from many food and medicinal plants. These oleanane-type triterpenes including saponins have been reported to possess many biological effects such as anti-inflammatory, anti-obesity, anti-cancer, and anti-oxidant effects [1] [2] [3] [4] [5] . However, chemical and pharmacological studies on oleanane-type triterpenes with highly-substituted oxygen functional groups and without glycoside moieties have not been investigated sufficiently yet.
In the present study, we isolated seven oleanane-type triterpenes with highly-substituted oxygen functional groups including three new compounds, named as chakasapogenins I (1), II (2) , and III (3) , from the hydrolysis product of the extract obtained from the flower buds of Camellia sinensis. Next, we examined the inhibitory effects of the isolated triterpenes on NO production in LPS-activated RAW264.7 cells and immediate allergic reaction by monitoring the release of -hexosaminidase from rat basophilic leukemia (RBL-2H3) cells. In addition, we examined the anti-viral effects against HSV-1 of the isolated triterpenes. Here, we describe the isolation and structure elucidation of three new compounds and evaluation of the isolated triterpenes as NO production and degranulation inhibitors and antiviral agents against HSV-1.
The MeOH extract (24.0% from the dried flower buds of C. sinensis) was partitioned into an EtOAc-H 2 O (1:1, v/v) mixture to give an EtOAc-soluble fraction and an aqueous phase. The aqueous phase was extracted with 1-BuOH to give 1-BuOH-(3.5%) and H 2 O-soluble fractions. 1-BuOH fraction was heated with HCl aqueous solution and, then was further extracted with CH 2 Cl 2 to give a CH 2 Cl 2 -soluble fraction and an aqueous phase. The CH 2 Cl 2 -soluble fraction was subjected to normal-phase and reversed-phase silica gel column chromatographies and repeated HPLC to give chakasapogenins I (1, 0.00076%), II (2, 0.00061%), and chakasapogenin III (3, 0.0091%) together with two known constituents, 21-O-tigloyl-28-O-acetyl-barringtogenol C (4, 0.0022%) and jegosapogenin (5, 0.011%). On the other hand, 1-BuOH fraction, which was similarly obtained from the dried flower buds of C. sinensis as above stated, was heated with HCl aqueous solution, followed by KOH aqueous solution. The solution was further extracted with CHCl 3 to give a CHCl 3 -soluble fraction and an aqueous phase. The CHCl 3 -soluble fraction was subjected to normal-phase and reversed-phase silica gel column chromatographies and repeated HPLC to give barringtogenol C (6, 0.12%) [6] and R 1 -barrigenol (7, 0.35 %) [7] (Figure 1 ).
Chakasapogenins I (1) and II (2), which were obtained as a white amorphous powder with positive optical rotations showed absorption bands due to hydroxy and ,-unsaturated ester in their 6 .95 (1H, m, H-3''), 7.07 (1H, q like, J = 6.9 Hz, H-3')]. The proton and carbon signals of 1 in the 1 H-and 13 C-NMR spectra resembled those of barringtogenol C (6), except for the signals due to the acyl groups at 21 and 22-positions, while the proton and carbon signals assignable to two acyl groups at 21 and 22-positions of 1 are in agreement with those of tigloyl group on 4 and 5. As shown in Figure 2 , the double quantum filter correlation spectroscopy (DQF COSY) experiment on 1 indicated the presence of partial structures written in bold lines, and in the heteronuclear multiple-bond correlations (HMBC) experiment, long-range correlations were observed. Particularly, the positions of two tigloyl groups in 1 were clarified on the basis of a HMBC experiment. Thus, long-range correlations were observed between the following proton and carbon pairs: the 21-proton and the tigloyl carbonyl carbon ( C 168.1); the 22-proton and the tigloyl carbonyl carbon ( C 168.5). Furthermore, comparison of the 13 C NMR data for 1 with those for barringtogenol C (6) revealed acylation shifts around the 21-and 22-positions of the triterpene moiety. In addition, the stereostructure of 1 was also confirmed by NOESY experiment, which showed NOE correlations between the following proton pairs: H-3 and H 3 signals due to the acyl group at 22-position, while the proton and carbon signals assignable to an acyl group at 22-position of 2 are in agreement with those of tigloyl group on 4 and 5. The position of the tigloyl group in 2 was clarified on the basis of a HMBC experiment. Thus, a long-range correlation was observed between the 22-proton and the tigloyl carbonyl carbon (c169.5).The stereostructure of triterpene moiety of 2 was also confirmed by NOESY experiment, which showed the same NOE correlations as 1 ( Figure 2 ). On the basis of the above-mentioned evidence, the structure of chakasapogenins II (2) was 22-O-tigloylbarringtogenol C.
Chakasapogenin III (3), which was obtained as a white amorphous powder with positive optical rotation. Absorption bands due to hydroxy and ,-unsaturated ester are shown in their IR spectrum.
ESI-MS of 3 revealed a quasimolecular ion peak [M+Na]
+ at m/z 693 from which the molecular formula C 40 H 62 O 8 was determined via HR-ESI-MS and 13 C NMR data. The 1 H NMR (Table 1 ) and 13 C NMR (Table 3 ) spectra (pyridine-d 5 ) of 3, showed signals assignable to seven methyls, a methylene and five methines bearing an oxygen function, and an olefin together with two acyl groups. The proton and carbon signals due to the triterpene moiety in the 1 H and 13 C NMR spectra of 3 were superimposable on those of R 1 -barrigenol (7), except for the signals due to the acyl groups at 21 and 22-positions, while the proton and carbon signals assignable to two acyl groups at 21 and 22-positions of 3 are in agreement with those of tigloyl group of 1. As shown in Figure 3 , the structure of 3 was constructed on the basis of DQF COSY and HMBC experiments. The positions of two tigloyl groups in 3 were clarified on the basis of a HMBC experiment. Thus, long-range correlations were observed between the following proton and carbon pairs: the 21-proton and the tigloyl carbonyl carbon ( C 168.2); the 22-proton and the tigloyl carbonyl carbon ( C 168.4). In addition, the stereostructure of 3 was also confirmed by NOESY experiment, which showed NOE correlations between the following proton pairs: H-3 and H 3 The inorganic free radical NO affects an important multifunctional mediator in biological systems. But, the excessive production of NO Acylated oleanane-type triterpenes from flower buds of Camellia sinensis Natural Product Communications Vol. 13 (2) 2018 133 by inducible NOS has been involved in physiologic and pathologic processes such as inflammation. Therefore, the development of inhibitors on NO production has potential because of their therapeutic effects against various types of inflammation. We recently reported various inhibitors such as oleanane-type triterpene oligoglycosides and cinnamic acid analogues on NO production in LPS-activated RAW264.7 macrophages [8−11] . In the course of our studies on anti-inflammatory compounds derived from natural medicines, the inhibitory effects of the isolated triterpenes (1, 3−7) on NO production in LPS-activated RAW264.7 macrophages were investigated. As the results, chakasapogenin III (3) inhibited NO production [inhibition (%): 43.8±2.0 at 30 M] without cytotoxicity. [11] . e In the case of CAPE, cytotoxicity was observed more than 10 M (The cell viability of CAPE was less than 70% at 10 M).
The NO inhibitory effects of compounds 6 and 7 showed were weak. The findings indicate that compounds with acyl groups tended to enhance the NO inhibitory effect (Table 3 ). In addition, compounds 4 and 5 have cytotoxicities. On the other hand, we examined the inhibitory effects of the isolated triterpenes Herpes simplex virus type-1 (HSV-1) infection, which is one of the well-known virus infections, leads to not only mainly herpes labialis but also herpes simplex encephalitis in serious cases. At present, approximately 3.7 billion people less than 50 years old are estimated to be infected with HSV-1. Although Acyclovir (ACV) and its derivatives are used as the main therapeutic drugs for HSV-1, ACV-resistant HSV recently appeared due to long-term treatment with ACV [12, 13] . Therefore, it is important to develop new anti-HSV-1 agents. In the present study, the anti-viral effects against HSV-1 of the isolated triterpenes were examined (Table 4) . To evaluate the inhibitory effects against HSV-1, the plaque reduction assay method was used. ACV and oleanolic acid, which was reported by Ikeda et al. to possess anti-HSV-1 activity, were used as positive controls [14] . Oleanolic acid and acyclovir were used as positive controls [15] .
In conclusion, three acylated oleanane-type triterpenes, chakasapogenins I (1), II (2), and III (3), were isolated from the hydrolysis product of the extract obtained from the flower buds of C. sinensis. Among the isolated triterpenes, chakasapogenin III (3) inhibited NO production in LPS activated RAW264.7 cells. In addition, R 1 -barrigenol (7) showed antiviral effect at 2.5 M against Effects on production of NO in LPS-stimulated RAW264.7 macrophages: The total amount of nitrite in a medium is used as an indicator of NO synthesis. The screening test for NO production using murine macrophage cells, RAW264.7 cells [ATCC No. TIB-71, obtained from Dainippon Pharmaceutical (Osaka, Japan)] was described previously [11] . Briefly, RAW264.7 cells were cultured in DMEM, and the suspension seeded into a 96-well microplate at 2.5×10 5 cells/100 L/well. After 6 h, non-adherent cells were removed by washing with PBS, the adherent cells were cultured in 100 L of fresh medium containing the test compounds for 10 min, and then 100 L of the medium containing LPS (from E. coli, 055: B5, Sigma) was added to stimulate the cells for 18 h (final concentration of LPS, 10 g/mL). The nitrite concentration was measured from the supernatant by a Griess reaction. NO production in each well was assessed by measuring the accumulation of nitrite in the culture medium using Griess reagent. Inhibition (%) was calculated using the following formula. The inhibitory effects of the test samples on the release of -hexosaminidase from RBL-2H3 cells [JCRB0023, obtained from Health Science Research Resources Bank (Osaka, Japan)] were evaluated by a method reported previously, with some modifications [16] . Briefly, RBL-2H3 cells were dispensed into 48-well plates at a concentration of 4  10 4 cells/well using Eagle's minimum essential medium (MEM, Sigma) containing fetal calf serum (10%), penicillin (100 units/mL), streptomycin (100 g/mL), Under these conditions, it was calculated that 10-15% of -hexosaminidase was released from the cells in the control groups by determination of the total -hexosaminidase activity after treatment with 0.05% Triton X-100. In order to clarify that the antiallergic effects of samples were due to the inhibition of hexosaminidase release, but not the false positive by the inhibition of -hexosaminidase activity, the following assay was carried out. The supernatant (36 L) of the control group as an enzyme solution, the substrate solution (40 L), and test sample solution (4 L) were transferred into a 96-well microplate and enzyme activity was examined as described above.
Effect against herpes simplex virus type-1 (HSV-1):
The antiviral effects of the isolated compounds against the HF strain of herpes simplex virus type 1 (HSV-1) in Vero cells were evaluated by a plaque reduction assay reported previously with some modifications [17] . Briefly, vero cells were maintained in DMEM medium supplemented with 10% fetal calf serum. Vero cells (2.3 × 10 5 cells/well) seeded onto a 12-well tissue culture plate, were cultured for one day, and the cell monolayer was washed once with phosphate-buffered saline (PBS). Vero cells were inoculated with 100 plaque forming units (PFU) of HSV-1 in 0.1 mL of DMEM without FBS. After a 30-min inoculation, the inoculum was removed, and HSV-infected cells were maintained in DMEM containing 10% FBS, 0.5% methylcellulose, and serially diluted test compounds. After 48 h incubation at 37 °C, the medium was removed. Then the cell sheets were stained with 2% crystal violet in 50% methanol, and the total number of plaques was counted or the number of plaques whose diameters were more than 0.2 mm was counted. HSV-1 replication resulted in cytopathic effects in the form of plaques, with the number and size of plaques reflecting the efficacy of virus yields. To compare the efficacy of virus yield reduction, the total plaque number in compound-untreated cells was defined as 100%.
Statistics:
Values were expressed as means±S.E.M. For statistical analysis, one-way analysis of variance followed by Dunnett's test (Table 3 and for evaluation on degranulation) or Williams' test (Table 4 ) was used. Probability (p) values less than 0.05 were considered significant.
